We examined the effects of candesartan and amlodipine on cardiovascular events in hypertensive patients with chronic kidney disease (CKD) using the data from the Candesartan Antihypertensive Survival Evaluation in Japan (CASE-J) trial. CKD was defined as proteinuria and/or decreased GFR (o60 ml per min per 1.73 m 2 ) at enrollment. Among 2720 subjects with CKD, there were 1376 and 1344 patients in the candesartan and the amlodipine group, respectively. During a 3.2-year follow-up, cardiovascular event rate did not differ in the two groups (7.2% for candesartan and 7.6% for amlodipine). In the subgroup analysis based on the CKD stage, there were no significant differences in the incidence rates of cardiovascular events between the two groups in stages 1+2 and 3 CKD. In stage 4 CKD, however, candesartan reduced the incidence of cardiovascular events (55% risk reduction), particularly of renal events (81% risk reduction), compared with amlodipine. Furthermore, composite cardiovascular events were increased as the CKD stage progressed, and this effect was exaggerated in the presence of proteinuria. Finally, the new onset of diabetes was less in the candesartan-based regimen in stage 3 CKD. In conclusion, candesartan protected hypertensive patients with CKD more potently against renal events, particularly in moderately-to-severely impaired CKD. Furthermore, candesartan prevented a new onset of diabetes in CKD, which would be favorable for the long-term management of CKD.
INTRODUCTION
A growing body of evidence has been accumulated suggesting that proteinuria and a decreased glomerular filtration rate (GFR) constitute critical risk factors not only for the loss of renal function but also for increased cardiovascular morbidity and mortality, independent of the established risk factors. [1] [2] [3] [4] [5] [6] [7] Indeed, the event rates of cardiovascular disease during the progression of chronic kidney disease (CKD) are higher than those observed at the end stage of CKD, which suggests a substantial contribution of early-stage CKD to death in patients with CKD. 8 In addition to the recognition of CKD as a serious risk factor for cardiovascular events, CKD has been highlighted because of its enormous burden on medical expenditure. Although clinical practice guidelines on CKD have been published worldwide to mitigate the progression of CKD and the subsequent development of cardiovascular events, 9,10 the number of patients requiring dialysis therapy is still growing, reaching approximately 260 000 patients in our country. 11 Hypertension contributes substantially to cardiovascular morbidity and mortality, which is also recognized as a precipitating and aggravating factor for CKD. It is established that the renin-angiotensin system (RAS) plays a pivotal role in the pathogenesis of hypertension, CKD and cardiovascular events. 12 Furthermore, several lines of clinical trials have demonstrated that the inhibition of RAS by the angiotensin receptor blocker (ARB) confers protective action on cardiovascular organs as the first-line treatment strategy in diabetic 13, 14 as well as non-diabetic 15 hypertensive patients with CKD. In contrast, a therapeutic role of the calcium channel blocker (CCB) in the progression of CKD in hypertensive patients remains a matter of controversy, with some studies showing benefit, 16, 17 whereas other trials show no benefit 13, 18 by the CCB. As the ethnical difference between Japanese and Western populations as well as divergent lifestyle (for example, salt intake) and incidence rate of cerebrovascular events affect the outcome when the effects of antihypertensive therapy are compared, appropriate evaluation is required to elucidate the efficacies of ARB and CCB for reducing the cardiovascular events in patients with CKD.
In the large-scale Candesartan Antihypertensive Survival Evaluation in Japan (CASE-J) Trial, the ability of an ARB candesartan cilexetil and a CCB amlodipine besylate to reduce the cardiovascular events in high-risk hypertensive patients was assessed. 19, 20 This trial revealed that the two drugs equally suppressed the incidence of cardiovascular events during the 3.2-year follow-up period. In the current subanalysis, we evaluated the effects of candesartan and amlodipine on the incidence of cardiovascular events in hypertensive patients with CKD. Furthermore, the effect of CKD on the incidence of new-onset diabetes was assessed.
METHODS

Study design and population
The rationale and complete design of the CASE-J Trial have been reported earlier. 19 Briefly, the CASE-J Study was a prospective, multicenter, randomized, open-label, active-controlled, two-arm parallel-group comparison in Japan with a response-dependent dose titration and blinded assessment of the end point. This trial was a comparative study of the effects of candesartan cilexetil and amlodipine besylate in high-risk hypertensive patients as defined by the Hypertension Treatment Guideline of the Japanese Society of Hypertension; 21 (1) systolic BPX180 mm Hg or diastolic BPX110 mm Hg, (2) type II diabetes, (3) a history of stroke or transient ischemic attack, (4) left-ventricular hypertrophy, angina pectoris or a history of myocardial infarction, (5) proteinuria or a serum creatinineX1.3 mg dl À1 or (6) arteriosclerotic peripheral artery obstruction. The exclusion criteria have been reported earlier. 19 The Ethics Committee at Kyoto University Graduate School of Medicine approved the CASE-J Trial protocol according to the principles of the Helsinki Declaration. After obtaining informed consent, the patients were randomly assigned to the trial arms. The targets for the control of blood pressure (BP) were o130/ 85 mm Hg for ages o60 years, 140/90 mm Hg for ages 60-69 years, 150/ 90 mm Hg for ages 70-79 years and 160/90 mm Hg for ages X80 years.
For the study agents, 4-8 mg per day candesartan was orally administered to the patients in the candesartan group. When the patient's BP did not reach the target BP, the dose was increased to a maximal dose of 12 mg per day. For the amlodipine group, 2.5-5 mg per day amlodipine was given orally. For the same reason as candesartan, the dose was also increased to 10 mg per day. The primary end point was a composite of the first incidence of sudden death, stroke/transient cerebral ischemic attack, acute myocardial infarction/cardiac failure/angina, doubling of the serum creatinine level, a serum creatinine level X4.0 mg per 100 ml, end-stage renal disease, or dissecting aortic aneurysm/ arteriosclerotic occlusion of a peripheral artery, as indicated in our earlier publication. 19 A new onset of diabetes (fasting glucoseX126 mg per 100 ml, randomly sampled blood glucoseX200 mg per 100 ml or HbA1cX6.5%) was also evaluated as a prespecified end point. The event evaluation was performed independently by the event evaluation committee using the PROBE method. The study period was for 3 years or longer.
For the renal subanalysis, 4728 patients were enrolled and randomly assigned to the candesartan or amlodipine group (2364 patients in each group). On the basis of CKD Guidelines of the Japanese Society of Nephrology, 9 patients at enrollment with positive urinary protein tests by dipstick analysis or an eGFR of o60 ml per min per 1.73 m 2 by a predictive equation (eGFR¼0.741Â175ÂAge À0.203 ÂCr À1.154 (Â0.741, if female); Cr, serum creatinine) were defined as having CKD in this study. The two agents were then compared for the incidence rates of cardiovascular events in these patients. We also carried out stratified analyses according to the CKD stage. 9, 10 
Statistical analyses
Data are expressed as mean ± s.d. or proportions. We compared continuous variables using the student's t-test. Frequency analysis was carried out by w 2 test.
Only the time to the first cardiovascular event was considered for the composite primary end point. Similarly, only the first event in each category was counted for the other end points (sudden death, cerebrovascular events, cardiac events or renal events). The incidence proportions were calculated by the Kaplan-Meier method, and were compared using the log-rank test. The hazard ratio (HR) and 95% confidence intervals (CIs) for cardiovascular events were estimated using Cox regression analysis and compared by Wald test. For comparing the HR for cardiovascular events in each CKD stage with that of the non-CKD stage, we used multiple Cox regression analysis adjusted for treatment group, sex, age, body mass index, severe hypertension, type II diabetes, a history of cerebrovascular disease, cardiac disease and vascular disease. The analyses were carried out based on the intention-to-treat principle. The statistical tests were two-sided, and the significance level was set at 5%. All statistical analyses were performed using statistical analysis system (SAS) version 9.1 (SAS Institute, Cary, NC, USA). This trial has been registered at the United States National Library of Medicine (www.clinicaltrials.gov; # NCT00125463).
RESULTS
Patient characteristics
Among the hypertensive patients in the CASE-J Trial, 1376 and 1344 patients in the candesartan and amlodipine groups were shown to have CKD. The mean ages of these patients were 65.6 and 65.3 years, and the BP at enrollment was 163.3/91.8 and 163.4/91.6 mm Hg, respectively (Table 1) . Although a larger percentage of men was noted in the amlodipine group, no significant difference in BMI or underlying cardiovascular risk factors (Table 2 ) was observed between 
BP-lowering effects
As shown in Figure 1 , the mean BP was reduced from 163.3/ 91.8 mm Hg at baseline to 136.3/77.0 mm Hg after a 3-year trial period in the candesartan-based regimen and from 163.4/91.6 to 135.1/ 76.6 mm Hg in the amlodipine-based regimen. After 3 years, systolic, but not diastolic, BP in the candesartan group was significantly, albeit slightly, higher than that in the amlodipine group (systolic BP, 1.2 mm Hg, P¼0.022; diastolic BP, 0.4 mm Hg, P¼0.282).
Cardiovascular event rate
Cardiovascular events-the primary end point-occurred in 99 (7.2%) patients in the candesartan group (that is, 22.6/1000 patientyears) and in 102 (7.6%) patients in the amlodipine group (that is, 23.9/1000 patient-years); there were no differences between the two treatment groups (HR: 0.95; 95% CI: 0.72-1.25; P¼0.698, Figure 2 ).
On evaluating each event category, including sudden death, cerebrovascular events, cardiac events, renal events and vascular events, no differences were noted between the candesartan group and the amlodipine group.
Stratified analyses
Next, the event rates were evaluated according to the CKD stage. There was no significant difference between the two groups in the incidence rates of cardiovascular events for patients with stage 1+2 (P¼0.550) or stage 3 CKD (P¼0.972, Figure 3 ). In contrast, in patients with stage 4 CKD in which renal function was severely compromised, the candesartan treatment conferred significantly greater benefit than the amlodipine group in preventing cardiovascular events, exhibiting a 55% risk-reduction rate when compared with the amlodipine group (HR: 0.45; 95% CI: 0.20-0.995; P¼0.043). Furthermore, when each event category was evaluated on the basis of CKD stage classification, no differences were noted between the two groups for cerebrovascular or cardiac events ( Figure 4 illustrates the Kaplan-Meier curves for renal events during the treatment with candesartan or amlodipine. Total incidence rates of renal events were moderately less in the candesartan-based regimen than in the amlodipine-based regimen (P¼0.243). In the stage 1+2 and stage 3 CKD, the incidence rates of renal events were small, and there were no differences between the two groups. In contrast, the candesartan-based regimen preserved greater renal survival than the amlodipine-based regimen in patients with stage 4 CKD (P¼0.003); the event rate was markedly suppressed throughout the study period. We further evaluated the incidence of renal events in patients with or without proteinuria at entry in each stage of CKD. The patients with no proteinuria manifested very small incidence of renal events, and no difference was noted between candesartan-based and amlodipinebased regimens ( Figure 5, left) . In patients with proteinuria, the amlodipine-based regimen exhibited a marked elevation in renal events in stage 4 CKD, whereas the candesartan-based regimen showed only moderate increases in event rates in all stages of CKD ( Figure 5 , right).
Effect of CKD and proteinuria on cardiovascular events
The effect of CKD and proteinuria on the development of cardiovascular accidents was assessed in all patients with CKD and also assessed based on the CKD stage classification. The incidence of cardiovascular events in stage 1+2 and stage 3 CKD was higher than that in the non-CKD group (Po0.001, Figure 6a ). The stage 4 group manifested markedly higher rates for cardiovascular events throughout the study period (Po0.001). The relative HR in stage 1+2, stage 3 and stage 4 was 3.05 (95% CI: 1.99-4.67), 1.78 (95% CI: 1.32-2.39) and 5.32 (3.33-8.50 ), respectively, compared with the non-CKD group. When each cardiovascular event category was evaluated, cerebrovascular and renal event rates were found elevated at early stages of CKD (that is, stage 1+2; Po0.001 and P¼0.002 for cerebrovascular and renal events, respectively). In contrast, cardiac accidents tended to increase at stage 3 (P¼0.070, Figure 6b ). Whether proteinuria altered the risk of cardiovascular events was assessed in all patients enrolled in the CASE-J Study. The presence of proteinuria was associated with greater incidence of cardiovascular events with a HR of 2.78 (2.16-3.58, Po0.001; Figure 6c ). When evaluated in each CKD stage, proteinuria exaggerated the risk of cardiovascular events in the stage 3 CKD (Po0.001, Figure 6d ) and tended to increase in the stage 4 CKD (P¼0.093, Figure 6e ).
New onset of diabetes
During the 3.2-year observation period, the incidence of new onset of diabetes in stage 1+2 (11.9/1000 person-years) or stage 3 (10.8/1000 person-years) did not differ from that in non-CKD (10.6/1000 person-years). In contrast, stage 4 CKD manifested twofold higher incidence of newly developed diabetes (26.4/1000 person-years, P¼0.047).
We further assessed the effects of candesartan and amlodipine on the development of diabetes in patients with CKD. There was no difference in BMI between the candesartan group (26.0, 25.0 and 24.8 kg m À2 for stage 1+2, 3 and 4, respectively) and amlodipine group (25.8, 25 .0 and 24.6 kg m À2 for stage 1+2, 3 and 4, respectively). In stage 1+2 and stage 4 CKD, the incidence of new-onset diabetes was the same in candesartan-based and amlodipine-based regimens ( Figure 7) . In stage 3, however, the development of diabetes was significantly lower in the candesartan-treated group than in the amlodipine-treated group (P¼0.0498) despite higher percentages of the use of diuretics (26.1 vs. 14.8%, Po0.001) and b-blockers (23.8 vs.
18.6%, P¼0.002) in the candesartan group. Figure 5 Kaplan-Meier curves of candesartan-based and amlodipine-based regimens for renal events in various CKD stages in the presence or absence of proteinuria.
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DISCUSSION
Since the recognition of CKD as a critical determinant of cardiovascular events, a growing body of evidence has been accumulated that impaired renal function is an important risk factor for the development of cardiovascular accidents. 5, 7, 22 Among the therapeutic strategies, angiotensin blockade with the ACE inhibitor and the ARB constitutes an important tool for preventing the development of CKD and alleviating the cardiovascular accidents. 10, [23] [24] [25] [26] In contrast, controversy attends the clinical relevancy on the effectiveness of CCB, with beneficial 16, 17 or detrimental effects on CKD observed by CCB. 13, 18 Furthermore, differences in ethnicity as well as lifestyle could affect the study outcome and may precipitate in different results from those obtained in earlier studies.
With the current sub-analysis focusing on the effect of CKD, the BP levels achieved with candesartan treatment were 1.2 mm Hg higher than those with amlodipine. In this setting, we found no significant difference in the incidence of cardiovascular events between the candesartan regimen and amlodipine regimen in patients with CKD (Figure 2 ), a finding in accordance with our recent observations on the primary events for the CASE-J Study. 20 When adjusted for the difference in systolic BP with Cox regression analysis, similar results were obtained. We further scrutinized the incidence rates of cardiovascular events based on the CKD stage, and found no difference in the event rate between the candesartan-based and the amlodipinebased regimen in stage 1+2 or stage 3 ( Figure 3 ). In stage 4 CKD, where the GFR is moderately to highly reduced (that is, GFRo30 ml per min per 1.73 m 2 ), by contrast, the candesartan-based regimen conferred greater benefit than the amlodipine-based regimen for cardiovascular protection (HR: 0.45, 95% CI: 0.20-0.995, P¼0.048). Recently, Go et al. 7 showed increased cardiovascular risks in patients with GFR less than 45 ml per min per 1.73 m 2 . As both ARB and CCB are used commonly in the treatment of hypertension with CKD, the 
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T Saruta et al current analysis demonstrating more superb action of candesartan than amlodipine would implicate clinical relevancy of candesartan as a therapeutic tool for CKD. This study further evaluated the effects of candesartan and amlodipine on each cardiovascular end point in CKD. For cerebrovascular and cardiac events, these agents exerted similar action in any stage of CKD (Table 3 ). In contrast, candesartan more effectively alleviated the development of renal events than amlodipine in stage 4 CKD ( Figure 4) ; at 36 months, the event rate in candesartan-based regimen was 4.7%, whereas the amlodipine-based regimen precipitated in 23.0% incidence of renal events. These findings suggest that renal events contribute largely to the development of cardiovascular events in stage 4 CKD. For stage 1+2 and stage 3, because the incidence of renal events in candesartan-and amlodipine-based regimens is small, it is appropriately conjectured that the difference between these incidence rates does not attain statistical significance. It is to be noted that earlier recommendations indicate the judicious use of renin/angiotensin blocking agents in CKD patients with serum creatinine level above 3 mg dl À1 because of acute deterioration in renal function. 21 The subsequent study, however, has shown that benazepril effectively prevents the progression of CKD with baseline serum creatinine levels between 3.0 and 5.0 mg dl À1 . 27 In the current analysis, we actually observe a more favorable effect of candesartan on renal survival than that of amlodipine in stage 4 ( Figure 4) . A similar observation was documented in the IDNT Study, showing that irbesartan improved renal survival, whereas amlodipine failed to prevent the progression of CKD. 13 Collectively, it is reasonably concluded that ARBs, including candesartan, exert beneficial action on renal function even in moderately to severely advanced CKD, and the ability of candesartan to prevent the progression of CKD is greater than that of amlodipine.
A growing body of evidence has been accumulated that decreased GFR per se constitutes an important risk factor for development of cardiovascular accidents. [6] [7] [8] Furthermore, even the presence of proteinuria is shown to entail the risks of subsequent cardiovascular damage, including cardiac hypertrophy, cerebrovascular accidents and coronary artery disease. 6, 22 In the current analysis, we found that all stages of CKD manifested higher risks for developing the events than the non-CKD group; the relative risk in the stage 1+2 was elevated to 3.05 and a HR of 5.32 was observed in stage 4 CKD (Figure 6a) . Furthermore, these increased risks are observed in the respective (that is, cerebrovascular and renal) cardiovascular events (Figure 6b) . Finally, the presence of proteinuria is associated with higher risks of developing cardiovascular events. Much attention has been paid to the mechanisms for the CKD-mediated cardiovascular events. Several possible factors have been proposed as the mechanisms for cardiorenal syndrome, including anemia, reactive oxygen species and asymmetric dimethylarginine. 28, 29 Although the mechanism for the link between proteinuria and cardiovascular events remains undetermined, our current observations clearly indicate that proteinuria is a strong risk factor for cardiovascular events, particularly in the progression of CKD 3, 6, 8 (Figures 6c and d) .
Evidence has accrued that CKD modifies the glucose metabolism. It is known that the progression of CKD impairs insulin degradation and subsequently ameliorates the control of diabetes. Alternatively, De Vinuesa et al. 30 showed that insulin resistance developed in patients with stage 3-4 CKD. Kobayashi et al. 31 also reported that insulin resistance was correlated linearly with the decline of renal function. This study has demonstrated that the new onset of diabetes is increased in stage 4 CKD, although the incidence is unaltered in the stage 1+2 or stage 3 when compared with the non-CKD. This reason may be attributed to the use of antihypertensive agents. In our current study, in which the patients were given either ARB or CCB, the incidence of newly developed diabetes did not apparently increase in stages 1+2 and 3. In this regard, CCB with long-acting property has been reported to be neutral 32 or slightly favorable to insulin sensitivity. 33 On the other hand, ARB is established to offer beneficial action on insulin sensitivity. 30, 34 It is to noted that candesartan was more effective than amlodipine in preventing the development of diabetes in stage 3 CKD (Figure 7) . The salutary action of ARB is teleologically reflected by several encouraging large-scale clinical trials (for example, ALLHAT, 35 VALUE 36 ) , showing the prevention of the development to diabetes by ARB. Our analysis, therefore, is consistent with the premise that ARB constitutes a first-line drug in the treatment of hypertension with CKD and also offers favorable action to prevent the development of diabetes.
In conclusion, both candesartan-and amlodipine-based regimens were able to control the BP of hypertensive patients with CKD. No differences were observed between the two agent groups in the incidence of cardiovascular events. In patients with severely impaired renal function, candesartan offered more favorable outcome than amlodipine in controlling the incidence of renal events. Finally, the ability of candesartan to prevent the new-onset diabetes was greater in moderately impaired CKD, which might contribute to the protection of cardiovascular events in CKD.
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